Abstract. Increased expression of the human DEK proto-oncogene (DEK) gene has been associated with numerous human malignancies. The DEK protein is associated with chromatin reconstruction and gene transcription, and is important in cell apoptosis. The present study aimed to elucidate the role of DEK with regard to gastric adenocarcinoma tumor progression and patient prognosis. DEK protein expression was analyzed using immunohistochemistry in 192 tumors paired with adjacent non-cancerous gastric mucosa that had been surgically resected from patients with primary gastric adenocarcinoma. The association between DEK expression and the clinicopathological characteristics of the patients was evaluated using the χ 2 test and Fisher's exact test. The survival rates of the patients were calculated using the Kaplan-Meier method. Cox analysis evaluated the association between the expression of DEK and the survival rate of the patients. The DEK protein was expressed in 84 patients with gastric adenocarcinoma (43.8%) and in 20 of the paired normal gastric mucosa tissues (11.5%). The DEK expression rate was found to be associated with tumor size (P=0.006), tumor grade (P=0.023), lymph node metastasis (P=0.018), serous invasion (P=0.026), tumor stage (P=0.001) and Ki-67 expression (P=0.003). Furthermore, patients with gastric adenocarcinoma that expressed DEK had decreased disease-free (log-rank, 16.785; P<0.0001) and overall (log-rank, 15.759; P<0.0001) survival rates compared with patients without DEK expression. Patients with late-stage gastric adenocarcinoma that expressed DEK exhibited a lower overall survival rate compared with patients without DEK expression (P=0.002). Additional analysis revealed that DEK expression was an independent prognostic factor for the prognosis of gastric adenocarcinoma (hazard ratio, 0.556; 95% confidence interval, 0.337-0.918; P=0.022). From the results of the present study, it can be concluded that the detection of DEK protein expression in gastric adenocarcinoma tissues may be important for the diagnosis and prognosis of patients, and may be a targeted therapy for the treatment of gastric adenocarcinoma.
Introduction
Gastric adenocarcinoma is a common malignant tumor, and surgical resection is considered to be the most effective treatment (1, 2) . The incidence of gastric adenocarcinoma has declined over time, due to improving living standards, improvements in early diagnosis, advanced surgical techniques and combined therapy (surgery, chemotherapy and radiotherapy). However, distant metastasis and local recurrence are unavoidable in the majority of cases, and the survival rate and prognosis of gastric adenocarcinoma patients remains far from satisfactory (1) . Despite advances in the elucidation of the molecular basis of this disease, the spectrum of genes that have altered expression in gastric adenocarcinoma and the roles these genes play remain unclear (2) . Therefore, sensitive gastric adenocarcinoma biomarkers that predict the prognosis and guide effective targeted therapy of patients are required.
The DEK proto-oncogene (DEK) protein was identified in a subset of patients with acute myeloid leukemia as a fusion gene with nucleoporin 214 (3, 4) . In the majority of aggressive human tumors, including neuroblastoma, malignant glioma, melanoma, acute adult leukemia, and bladder and cervical cancer, the DEK gene frequently exhibits an increased expression level (5) (6) (7) (8) (9) . In addition, autoantibodies to DEK have been identified in juvenile rheumatoid arthritis, systemic lupus erythematosus and sarcoidosis. Previous studies have suggested that the DEK protein is closely associated with the apoptosis of cells, since it inhibits p53-mediated apoptosis, it works in combination with the viral oncogenes, E6 and E7, to overcome senescence in cells, and it also promotes Harvey Rat Sarcoma Viral Oncogene Homolog-driven keratinocyte transformation (4, (10) (11) (12) . A study by Han et al (13) demonstrated that the DEK protein was closely associated with the proliferation of serous ovarian tumor cells, and that the overexpression of DEK was significantly associated with the increased proliferating index of Ki-67. In the study, the demonstration that DEK expression is associated with the proliferative index of cells and cervical cancer is important for the diagnosis of precancerous lesions. Furthermore, according to the results from tumor tissue analysis, previous studies reported that DEK expression was associated with the development of human colorectal cancer, and was proposed as a novel molecular target for cancer treatment (14) . However, to the best of our knowledge, there have been no studies to support the increase in DEK protein expression in patients with gastric adenocarcinoma. The present study used tissue microarrays (TMAs) to compare the expression of DEK in gastric adenocarcinoma samples and adjacent non-cancerous mucosa. In addition, the association between DEK protein expression, clinicopathological characteristics and patient survival rates was analyzed. (15) , and as previously described (16) , was demonstrated to be closely associated with the prognosis of the patients: Stage I-II, 122 patients and stage III-IV, 70 patients; well-differentiated tumor, 60 patients and poorly-differentiated tumor, 132 patients. The adjacent non-cancerous gastric mucosa tissues surrounding the tumor were also used in the present study. None of the patients received chemotherapy prior to surgery.
Materials and methods

Patient
The study was approved by the Institutional Review Board and informed written consent was obtained from all the patients prior to sample collection.
TMAs. The TMAs were produced by Shanghai Xinchao Biological Technology Co., Ltd., (Shanghai, China) and were prepared as follows: Tissue cores (diameter of 1.5 mm) were extracted from paraffin-embedded tissues using a tissue array instrument (TMArrayer™, Organization Microarrayer; Pathology Devices Inc., Westminster, MD, USA) and the tissues were arranged regularly on a paraffin block. The tissue array blocks were heated at 52˚C to fuse the tissue cores to the paraffin. The tissue array blocks were subsequently processed using a Leica RM2235 Manual Rotary Microtome (Leica Microsystems GmbH, Wetzlar, Germany; speed, 20 µm/rpm). Up to 80% of the tissue cores were fully exposed. The tissue array blocks were cut into 4-µm thick sections using the Leica RM2235 Microtome at a speed of 240 rpm. The cut tissue array blocks were attached to glass slides, which were heated to 60˚C in an oven for 16 h and subsequently placed in a 5˚C refrigerator until required.
Immunohistochemistry. For the immunohistochemical analysis, a streptavidin-alkaline phosphatase-labeling method was performed according to the following protocol: The paraffin biopsy slides were de-waxed and hydrated in a citrate antigen solution (Beijing Zhongshan Technology Co., Ltd., Beijing, China). The slides were subsequently rinsed in phosphate-buffered saline (PBS; Beijing Zhongshan Technology Co., Ltd.), placed in 30 ml/l hydrogen peroxide (Beijing Zhongshan Technology Co., Ltd.) for 10 min and normal serum was added to the slides at 37˚C for 15 min. The following primary antibodies were added to the slides overnight at 4˚C: Monoclonal mouse anti-DEK antibody (dilution, 1:50; catalog no. 610948; BD Biosciences, Franklin Lakes, NJ, USA) and monoclonal anti-Ki-67 antibody (dilution, 1:50; catalog no. MAB-0672; Fuzhou Maixin Biotech. Co., Ltd., Fuzhou, China). For the negative control, the antibody was replaced by PBS. The secondary antibody was goat anti-mouse immunoglobulin (Ig)G horseradish peroxidase-conjugated antibody (dilution, 1:500; catalog. no ZB-2305; Beijing Zhongshan Technology Co., Ltd.), which were incubated with the slides for 60 min at 37˚C. Hematoxylin and eosin and 3,3'-diaminobenzidine were then added to the slides. DEK and Ki-67 exhibit nuclear staining. The expression index was determined by staining intensity and percentage of cells, according to the following criteria (17): Cells were scored as '-' (negative, no or <5% positive cells), '+' (0-50% positive cells), and '++' (>50% positive cells). The positive descriptor (DEK overexpression) was assigned to '++' scored cells. For survival analysis, DEK expression level was denoted as high expression or overexpression ('++') and low expression ('-' and '+').
Follow-up observation. The 192 cancer patients were followed-up for survival. On the data of final follow-up (October 30, 2013), 70 patients had died while 122 patients remained alive. The median survival time was 63 months. The long interval between the final treatment date and conclusion of follow-up is responsible for the delay in manuscript submission.
Statistical analysis. Analysis was performed using SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA). The association between DEK expression and the clinicopathological characteristics of the patients was evaluated using the χ 2 test and Fisher's exact test. The survival rates of patients following tumor resection were calculated using the Kaplan-Meier method, and the difference between survival curves was analyzed using the log-rank test. Multivariant survival analysis was performed on all the characteristics using Cox proportional hazard regression model. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of DEK protein in gastric adenocarcinoma. The DEK protein was identified as highly expressed in the cell nuclei of 84 gastric adenocarcinoma (43.8%) and 22 adjacent non-cancerous tissues (11.5%) using immunohistochemistry. There was consequently a significant difference between cells 
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classified as overexpressing DEK in the gastric adenocarcinoma tissues and the adjacent non-cancerous gastric mucosa tissues (P<0.0001; Fig. 1 ).
Clinicopathological and prognostic significance of DEK expression.
To elucidate the role of DEK in gastric adenocarcinoma progression, the present study investigated the association between DEK protein overexpression and the clinicopathological characteristics of the patients. Table I reveals that DEK overexpression was associated with tumor size, tumor grade, lymph node metastasis, serosal invasion, tumor stage and expression of Ki-67 (P=0.006, P=0.023, P=0.018, P=0.026, P=0.001 and P=0.003, respectively), but not with the age and gender of the patients. Furthermore, the patients with gastric adenocarcinoma with DEK overexpression had a lower overall survival rate compared with patients with no DEK overexpression (P<0.0001; Fig 2) .
DEK expression is associated with the survival rate of patients with gastric adenocarcinoma. To additionally confirm the role of DEK overexpression in gastric adenocarcinoma progression, the present study analyzed the disease-free and overall survival rates for the 192 patients with gastric adenocarcinoma using Kaplan-Meier survival curves and demonstrated that patients with gastric adenocarcinoma that overexpressed DEK had lower disease-free (log-rank, 16.785; P<0.0001) and overall (log-rank, 15.759; P<0.0001) survival rates compared with patients without DEK overexpression ( Fig. 2A and B) . Furthermore, the present study analyzed the association between the DEK overexpression rate and the clinical stage of gastric adenocarcinoma to additionally substantiate the importance of DEK overexpression in gastric adenocarcinoma progression. The present analysis identified that patients with late-stage gastric adenocarcinoma that overexpressed DEK had a lower overall survival rate compared with patients with late-stage gastric adenocarcinoma that did not express DEK (P=0.002). However, the overall survival rate was not associated with the DEK expression status in patients with early-stage gastric adenocarcinoma (P=0.329) (Fig. 2C and D) . Table I . Univariant analysis of the expression of DEK and various risk factors in 192 patients presenting with gastric adenocarcinoma.
DEK expression ---------------------------------------------------------------Characteristics
Total, n ++, n -/+, n HR (95% CI) P-value DEK overexpression is an independent prognostic factor in gastric adenocarcinoma. Univariate analysis for all significant variables demonstrated that patients that overexpressed DEK had a significantly lower overall survival rate compared with patients that did not overexpress DEK (hazards ratio (HR), 0.565; 95% confidence interval (CI), 0.369-0.866; P=0.009; Table II ). Age, lymph node metastasis, serosal invasion and tumor stage were also associated with the overall survival rate of the patients. Additionally, multivariate analysis was performed using the Cox proportional hazards model. The results demonstrated that tumor stage was an independent prognostic factor for the survival rate of patients with gastric adenocarcinoma (HR, 0.663; 95% CI, 0.481-0.915; P=0.012; Table III) . Notably, DEK overexpression was a significant independent prognostic factor in patients with gastric adenocarcinoma (HR, 0.556; 95% CI, 0.337-0.918; P=0.022; Table III ).
Discussion
The DEK gene is located on chromosome 6p22. 3 (18) ; it is a highly conserved nuclear factor and the only member of its protein class. DEK is preferentially expressed in proliferating and malignant cells, which may result in 4-6 million copies per nucleus (19) . DEK was originally identified as the target of a recurrent t(6;9) translocation in a subset of patients with acute myeloid leukemia (AML). The human DEK protein has been independently purified as a protein that modulates the topology of SV40 mini-chromosomes (20) and consists of 375 amino acids with 4 distinct acidic amino acids, and has a central SAP box DNA-binding domain and an additional carboxy-terminal DNA-binding region that partially overlaps with a multimerization domain. DEK is widely known as a proto-oncogene due to its involvement in the chromosomal translocation in patients with AML and its increased expression in multiple human malignancies (5). Kavanaugh et al (21) demonstrated that overexpression of DEK induces human keratinocyte transformation and that DEK-knockout mice are partially resistant to chemically induced papilloma formation. Previous studies have revealed that DEK mRNA expression is increased in invasive ductal breast cancer, and has an increased gene expression in high-grade and late-stage breast cancer, therefore implicating it as a potential novel target in recurrent tumors (5, (22) (23) (24) . In addition, Shibata et al (25) identified that DEK overexpression affects the activity of global transcriptional regulators and is associated with tumor development and a poor prognosis of patients with high-grade neuroendocrine carcinoma. Our previous study indicated that DEK was additionally significantly correlated with the prognostic characteristics of patients with colorectal cancer, and DEK depletion by RNAi in SW-620 and HCT116 cells significantly decreased cell proliferation and increased cell apoptosis. Upregulation of DEK was involved in the p53/mouse double minute, B-cell lymphoma 2 family, and caspase signaling pathways (26) . Notably, certain studies have revealed that DEK expression is associated with resistance to chemotherapeutic drugs, such as camptothecin, etoposide, neocarzinostatin and doxorubicin, which is often used to treat breast cancer (21, 27, 28) .
The present results demonstrated that DEK is potentially important in the progression of gastric adenocarcinoma. In total, 43.8% (84/192) of patients with gastric adenocarcinoma clearly overexpressed the DEK protein. The present study revealed that DEK overexpression in patients with gastric adenocarcinoma was associated with the presence of large tumors, a poorer tumor grade, serosal invasion, lymph node metastasis, increased stage tumors and Ki-67 expression. Additional analysis demonstrated that DEK overexpression in gastric adenocarcinoma was associated with the survival rate of patients and was a significant independent predictor for the survival of patients with gastric adenocarcinoma and a high-stage tumor. Therefore, the present study identified DEK as a potential biomarker for gastric adenocarcinoma in tumor progression and prognosis. DEK may serve as a useful novel therapeutic biomarker, particularly for high-stage gastric adenocarcinoma. However, additional studies are required to confirm this conclusion.
